<i9>B*m«w (j p> do 'Jkm^Wfte^ (A) m)*mm&M*n 

#112001-102642 
(P2001-102642A) 

(43)&§BB W-m3^4m3B (2001.4.13) 

(5i)inta. T mm^ f i f-ro-n##) 

H0 1L 35/18 H0 1L 35/18 

35/34 35/34 



SSEisff* ^Sfcft 8l3&H«9Sc9 OL (£ 7 H) 



(21)ffl»## fcfPR 1-273088 


(71)fflHA 


391025660 








(22)fflBIB ¥/£ll¥9£27B(1999.9.27) 




OiPjaoj PTpjiwr 1 #io# 




(72)569i# 


** m 


&it£fci83o&ss5 i mm #sr*r o 1999^3^280 a 




UJD»^«*»»^ 1 TB 5-18-503 




mmmm 








0jPlR^aU*B«M2-4-10 






X*3SI202^ 




(74)«3SA 


100080001 









(54) B&9JO£ifr] »«lfc«m*3ckt*e®»^^ 

(57) iwm 

[JS&^S] Fe 4 Sb 12 . SfcttF e<7)— §P£ Co 




300 



400 



500 600 700 800 



!(2) 001-102642 ( 



0 1-42 



[ffSfl 1 ] X j? yf/^-f Y&W&=Fcr>mSL<?> , £.<r> 

ffinax? Ymfm^mry^yx-m^ 

tvtz? <>VV • X?7f/^ MINT'S) 

[ If * « 3 ] ffjfcjg 2 fea^msaa^mcfc v^t\ 
-f • X? y^f/kJM h-ft^«Offl^*<Y b 

Fe 4 sb lz z'mi?zn&zt£iffi&k^&fim$zm& 

[ If ^JS4 .J ft 3<Jf 1 £atoJ*«3Stfmt:& v *T . 
huISx ? •■/ vm-W^fim^ '<A> Y TV**. y 

vffifSLZtifzy < ivy • x? •yf/^'f h-fk^rc&s 

i in&m 5 ] nmm a im.<m^simmzii wc, 
mi.y < >uy ■ x? vT-fvy* v\t^<r>m&ufiv\> 

i mam 6 3 it im 5 tmcrmmsmttmizh ^t. 
mmy 4>vY ■ x? -,^)vy4 h^b-^jtifflj^JtxSro 
~4 nmt-th 4 Ttvc^rchh z t zmmt-tzmm 

ci»*3i7 ] i -/Tfi'WM.&fflm-t&mmjMk , 

&nmjmi- t»eiHtEeT»^iiJt 

«f45:^-r^^Xgi:, H?ffi8, v S?XiSTi# 
*4S:M&ri»^MXgi: S>*f 4 CI k ZftWik-? hf&W. 

[ ffl&g 8 3 ff 7 ^^tt^ttBOKftftg 
Kfc^T. IMEW«xa. «rffi»»I«L WiBBIfcDB 

k znmk^&mnsmMmvmmmi. 

[»WOiWIIWr8tg§] 
[000 1] 

&tmkm%.zmz$&irt-himk zmtizmKs&m 
Tizm t.miz. -t? — ; y ? asms-* m itzB^mmz 
m%-tzmi&zif-thf*mzwitimzmm tx^mztz 
mzm-thhnx'&h. 

[0002] 

l,z. m^m%¥m:£&£9$c£-flz&&&%L&t:im& 



&&ffimcDmwmm®ztix . 

[0003] -r5r*>t>, &i^«tmfcttS*tt%ISA 

m?m%&mz&5-it-r. mzte?f&&mmz&T2-£ 

[0004] zwwm%&¥ a mm*ft-h, §s<s-&l 
x^hyx ywlt iz x o t&T &&mm&&m-t %> zk# 

tlffiftttmk LXV 4 >VY ■ X? yf/U^ Ht-&fatf 

•t&WMco— mtft%mi±RM t x lz x-mzix. zzx-m 
■^mc^mm^n^whmi-x-iihxwj y (p> . 
Ht^ (As) s ry^y (Sb), m(±^ ( f e ) , 

(Ru) x XXZ^M. (Os) , yxYWtf- 
kfthRli^yfy (La), -feU^A (Ce), y°y 
•b^-v-'^A (Pr). ^i^A (Nd) . i-Dtr^A 
( E u ) *<»l^n-C . ^*»-C't, S bfc&mz%i±m 
1&=FX'bZ> L a ±tz\iC e*yxYW.=Fk LXWXLtz 

y aivy • x? y^-ivy* Yik&mx'ii, m&za^x 
tf9xtoMs\)& (siOi ) k mnmcom^-m&mm 

[0005]=Sr*J. LaFe 3 C o Sb 12 i£tiCe F 
e 3 CoSbnOMSt^-f/l'H-^yfiW 
hYt^KCOV^TJi, 09^.(f-!f^X>-X (Science, 27 
2, P1325, 19%. B.C. Sales, D. Mandrus and R.K. Wi 
Hiains ) iZimZtlX^Z . 

[0006] i: i^>T\ sftm^^^co^i, ii^Sc 

(figure of merit ) k mitt^VaM^y ^ -^(C<t o 
Z = a 2 ct^ a: 

H^^^$S:^-r-fe:-'<.-y^(MS: (V/K) , 

^^(s-'cm-i) , Kimmmm (w/ cm K) 

T'ftO. a 2 aJiJiJ/jH^ (Power Factor) kW£tl 

[0007] z<m.m^m±. vxY^x^nhvm 

mi- (Material Factor ) /S*^^l%t. tt<tchZ 
ktm^tlX^h. 

[0008]/3=Nk B Tp./ (eAr L ) 
ocm' 3 '! (/x//<r L ) 

£dT\ Nfi^Mfc^s, k B Ji^-yv>-^a, T 

limmig. eitmmmzm.. uimmg. (cm 2 / 

Vs) . a: l Ji«if5^^c7)<a^SK)CJ:-5,^. m* 
[0009] 
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09i«fCoSb 3 Ktt:£$ftS27mx? yiryU;$M r- 

vcsm<r>h<r>t it Lxmnrnzfrz ^mtfftt>tix 

A>\ W-»ffiT*S)S 3 — 5mW/cmKi:itl2-r«.^ 3~ 
4fgt>*£vMIfc3r-5T*>rK 7^PV-^?7f/^ 

c o o i o ] ^fgBfrogfwi. ^v^mttt^w-f a? 

[00 12] 

[0013] ( 1 ) *HBJi<aSfc!3Sfctt£H£. X? -y^ 

ivy 4 hmm&?<7)mmcr>£.cvmz4 y^t:^ ( y 

b ) Zft&Ltz? 4 )VY ■ vr-fry-l Yit&faX'fo 

[0014] ( 2 ) *mxo®m$cm&tm. mi 
( i ) imn&m^wmniz&^x . mriex? .yf;^ 

[0015] ( 3 ) xmiomwrnttmii. itne 
( i ) imcomm&mttmzti^x . Kre^-yf/w 

-f r-#fiH&TFM&YbFe 4 _, Co, S b 12 TUtfi£$*t*: 

[0016] ( 4 ) *?£HJf^m^Bitt ift<7>S8jfcfr £ 
Yb£T/Hf> (Ar) #H^T'W®-r«»Xg 
i> Yb, FefcitfSbfcfTS-t&XiSfc. ffM.Lt: 

£ A r #ia*TWSlSt . ft¥* Lfc*mS:fttI 

[00 1 .7. ] JiIS Lfc^SfciWfv 7 4>V H - 
•rA^ Mt£!frc£)-i> Yb F e 4 S b 12 {iitJ^jH^cO 

&7Ctt8tlaiSt (dimensionless figure of merit : Z 
T) ta^Ifigfc&a. &tz. FeO-g?£Co 

T*M r-gj&Lrt:Fe 4 _, Co, S b 3 <7>X9 -yy-iUy 
4 hmm&^Z, YbZyx.bBK'f-tLXftALtz? < 
JUF • -yT/uy -i Mba^Yb F e 4 -, Co, Sb 



3 KfewCJi, Sfcfc^rUTfcflBoa^anirafifcfr 
[00 18] 

izm^xmmizwn-th. 

[0019] =3r*s. mm<7>mm*ffi i ni-&t:#>cr>£mi l z 

[0020] (mmo&m 1 ) *&pn<n-$m<r>Bmx- 

U n±M7mi,z4 yt-y^<7)±^K^ZM^ *>x-b 
hYb*m^tzi><?>X'hr>X. YbFe, Sb, 2 t*$ 
tlh. -f&;b*>. ZcommMfAli. Fe, Sb,;^!) 
tSt^f yTlVyj h#{4tS^c0 20tfO^<7)^rttC, Y 
b fryxhRK^b LX Jf A"f & CI lc J: f fS^SMSSI 

[0021 ] &IZ. *mfc<7>&m l tWYb Fe, S 
b 12 Wi3jt^<?)— CT$rS 1 (^-rigiaSrJJHvCtttHjf 

[0022] YbSrA r|?ffl^T'StSL^ 

(IS100) . Yb, Fe*Jit/Sb5rfrfi-rS (X 
S101) . Yb. F et>£lfSb<7)i&£ltl&. mttf 
Yb : Fe : Sb=l. 05:4: 13X'hO. teWM 

mjLmiz&vzm&£mLxit¥m.skmmmt x o y 
b tsxx/s bii)miizwm.zixz, . 

[0023] ff *Uat»«*«««OBrfcAilT 
A r #ffl^+-C 1 ^ffitSAjgn L . %<7>t£i$mLX4 V 

rtivtvmvtz. (iiio2) . cc7)^iiiia«(i, 0u 

tJf 1 0 0 0'CgJgT"£>£. JJC^T, f^RLfc-fV^-x 
h £ A r^H^T'XxV^X^Srfflv^T^LJtm 

(xgi 0 3). ^^tit^wm^tmyyx^mm 
zm^xAr mm^x-mz-tz itwotYbFe 

4 Sb I2 *^i?$nS (Igl04) . &m7-5X-7M 
^^fcttS^ESiaSSi. Mz-l£ 5 5 0-Cg®. MISff 

Blilf4 0MPaSI. ^B^rati. CT^tflO 

[0024 ] H«fe^r&{C<}:Ot^L^YbFe 4 Sb 12 

owB*ffv\ ZMz&mimt lt. mme^. -b' 

Jcl^-fe'-^ y ^f^(± 3 0 0 — 900 K^fflSKHT-ail 

«e«P«iu— f-7 7 yis*mz£-oxw%. 

ztit:. 

[0025]»«:. YbFe, S b^tfttzmim 

S:. 02-04 zm^x&.Ti l zmL<mBn?z>. 02 

<i. YbFe, Sb^co-tf-^-y^^cOiaSt^ttS: 
^771. 03<±. YbFe, SbuCOWSHij&&& 
(Vim.mf&Znk-ffyyffl. 04ti. YbFe, Sb 
, 2 ^^Sif5^0igJKte#tt& 7@T'J)S. 
=5rfc. 04". Jtffi^ 1 1 LX y 4 )VY ■ A?7f;W 
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m 



r o i - mn 



Ht^lLaF e, Sb 12 . ¥cMM2 1 LX 7 < >V H • 
X?7f;Whf^!)CeFe 4 S b 12 . JtSSfll 3 fc 
Ltx^7f/^ Ht^CoSb 3 cOf^m^HtSr^ 

-r. 

[00 2 6 J ft^$;ft.*:i£«{i. XtSEflf/^-yA^ 
7<^K-^'yf^Hk^)YbFe 4 Sb 12 T 

*M *yX'hhYbX-m&Z1X&YbF %i Sb 12 C9*g 
75g$Mi9 . 15 7 AT* 0 . CTitf HfiffiW^^-^T'ft 
&La-C'fll^ixSLaFe 4 Sb 12 cDfS^5£& ( 9. 

HOAJSitliCeT-i^tlSCeFe, Sb,^ 
ffr?5£&<9. 1 37A) titLX^nmz^^K 

[0 0.27.] i2C. YbFe,Sb l2 <y>fe:-«.y:7& 
f£^iSJ£tt:#te£^U YbFe, Sb 12 <Ol 

tzmrTh. YbFe, Sb^tfHf-^y 9im. 

It. ttMMl. 2titfCffl^W(Cfil*^ffi;V^ s Yb 
Fe 4 Sb 12 (0m^e#^(i, itS^ll , 2tJtLTffi 
*tWtiS^®5r^LTV>l». <Tft.fi. YbFe, Sb 12 

[0028] m m 2 ic^ Ltz*-^ y 7 m& x xm 
mm 3 izm Ltzmmmmfr £>g£fc $ & y b f e , s 

(F>4 *>X'hhY bt,z£~>Xffif8,Ztlti7 4 )VY ■ 

[0029] H4t, YbFe, S b , 2 cot&T^fcmm 
Wiag<SffttSr^f . 3 0 0~6 5 0K<7mg$EB£i5 
WCti. JtlSWl . 2<^t&^^fe^fcitLTYbFe 
, Sb 12 <7)^^e^{iffl*tWt^J^<, 5 5 0KO 
iaSrCJi*&6 m V/c mKOSHMfcifiV^frFJSe** 

[0030] zcr>£ o t=. ^mmomm 1 iz xtm . 7 

• X^-y-f/k^ Ht^ftYbFe, Sb 12 {±{iJ 

[0031] (mmcomm2 > *»!i3aflfiaigfl^m 

* L . -SkkMjcmtz -i. H >.*'&cr>±%. v %~ffiI?H * >X 
*SYb^*t?)T'ioT, YbFe,., Co, S 
b 12 T'^£*U>. -f%h*>. ZCOftmmmF eco-tfc 
J-Cotlli^Fe,., Co, Sb 3 
^tt/W b<$.ffl&Fcr>2^>coQcr>ftmz. Yb&V 

[0032] <W~. YbFe,., Co, Sb 12 a53rfS> 
05fcL YbFe,., Co, Sb^Kfctf&Ybftigsp 



tCoC0ffi^itxt<0MffiS:^-r^'7 7ia. 06 (i» Y 
bFe,., Co, Sb l2 coV-<-y 
Sr^-r^570. 07Ji, YbFe,., Co, Sb 12 <7) 
m^e^<7)iaK«Pi?tt5:*-r^57ll. 08J;L Yb 
Fe,., Co, Sb l2 (Vft¥?&&mmc0^mf&$:jf; 
■fVvym. H9«, YbFe,., Co, Sb l2 <r>m!K 

[00333 05tC. YbFe,., Co, Sb 12 tc:fe(t 
•SYb^^tCoOffl^JtxfccoM^Sr^-r. Srfc. 
Yb^Wi'J-h^hjBW&tCiOfftfL/i. Co 

<o*flj£Jtx, -r=5rt>*>co<o^-f hs^a^'tiiirrs^ 

fif -5 X . Y b 3HMttt*M- S -I i: . 
[OO34]06lC. YbFe,., Co, Sb, 2 c0-fe'- 
<y^ffift<7)iaStfe#ttSr^-t. Co<7>fflj£Jtx#0. 
l*iJ:tf2cOYbFe,-, Co, S b 12 (J. iE^-tf-^ 
•y ^ tm 5: * L . < S izfe -o X -tf-^ y 7 ft 

SW±f&*t;:Ja;8n-f£. CoC0^£lt* ? 3c7)YbFeCo 
3 S b! 2 tiiE<?)-fe*— ^-y ^ftScSr^-T*^ =3: 
S(C^^T4f-^y^ftScJi^^lctiJPL. a±<S$-* 
LT«^6. $£KCo«9$flj£lt#4<yOYbCo, S 
b 12 {i, mcO-hf-^-y^^Sr^L, iajt4*W<Sr6K 
to-C^-y? ftimt$* fcft h . 2 

YbFe,., Co, Sb 12 <7)CoO*flj£Jtx*<ltA0 
•f^(Cfi!-pT, Hf-'<-y^ftSc<yD^«ffi{itiJiH-2><iii6) 

[0035]H7C. YbFe,., Co, Sb i2 cr>mM. 

J^fiaPWi^fclfel^-ft. YbFe,., Co 

, sb 12 cr>mmmm*. co<7)msSLitKwmu-tht,z 
mxm$-t& tfi. x = 4 x-umzmm lx^&. 
[0036] ztit><?>-e-<'v ?im. msmmmoc 

omf&Jtx.<OffiftiH±. YbFe,., Co, Sb 12 ^ 
A-'JT^jetcMftLTV^. YbFe,., Co, Sb 12 
W^f-v iJTmmi. Co Sb 3 (Co, Sb l2 ) 
ftfc-r^t. FetiCoJ;Oti J f* { lffl^<, 2««t) 

m-< *>t%&Ybi,zmi L t:2mmiiii-htztb. Yb% 
m&nc omutx<r>imm%iS.Lx . %tih<?>miz 

■&^X\ YbFe, Sb^co^^VTlZlEJltZO. C 
ocoa(£itx^igSn-ri.CofL-C. fiflim^+^iEfL^' 
VTmgtfti&th. $4>tC x^'tiJotT 
x=?4i:^l..i:. ^fr 'J TtiS^t SttWlcti, 
^ct^^tt, YbFe,-, Co,Sb 12 (0df-v'J 
T«8E*BOTC&. -eilCc^JELT. -tf-^ y i?ftSt, 

[0037]ia8tC, YbFe,., Co, Sb 12 <0t&^ 

T. «^fiBaPWi**fcJSiH-&**. 6 5 0Ktt2A> 
f>fi3!(C±#f Co(7)^Utx*5tiaDf 
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[00 38] mz^ CoO«j£Jtx£0. 1 

ir/2tUv:YbFe 4 . I Co, S b , 2 <7>mKK&ffl& 

3 com<X7mmmm^9jk-r 0 looKcowjgiz&^xc 

oOffl«Jt* 5 2c7)YbFe 2 Co 2 S b^^&TEttfg 

[00 39] dc^dM. *Hife^®2(Cj;Wf. F 
e<7)— gg5rCoT'M^^^7^Fe 4 . 1 Co, Sb 3 COX 

^vf;W h#{i*g^H;r. Yb^^xhjg^hLTif 
AU^-f/l-K • x; 7 f/W Mfcl^3YbFe 4 .., 



[004 0] felt. *¥mmtz l k->x%Ztitz%PJit:&; 

w<vmM<vBmzm^mftm(,zwt*JiLtzf)K *?twi± 
mmmcoBmi f zm%.zti&t><ovi±%<. zcomn* 
m®t t % t ^Hm* ^ie«rtre* & -r t it v t x t 

[004 1] 

[00 4 2] ^ftty(,z£tltf. Fe 4 Sb 12 . ^TtrtiF 
eO-^CotIIM)C:Fe 4 . x Co, Sb 3 *«fls 
^cn^7f/U^ b#{5^c7)2oc7)^cO#rt(C. 
Yb€:^XhJ[E^i:LTl¥A-n>C:h^J:^T. iSV^ft 



&ZbWX'Z&. 

lffll]*$tWcr>-nm<7)&mX'hZ>YbFet Sb 12 

[122] *mi<0-mmcD&mX'h&YhFei Sb 12 

[03] *5tW<?>-nMcr>&mX'fc&YbFe4 Sb 12 

[ 04 ] *%B3^-HSSo^TS> l>Yb F e 4 Sb 12 

[ 0 5 ] *%HHOfB2c0HS6O^T'$> 5YbFe 4 . x C 
o, Sb l2 ^Yb5E^i:CocOffi^itxhO^^ 

[H6] *w%<^<nmm<n&mx*hhYbF e A . x c 

O, Sb l2 ^-<y^f^ifccOSJgfl^tt^^"r^^^ 

mx*foh. 

[07] *^offic7)||ifeO^® T'J> & Y b F e 4 _ , C 

o, sb 12 com&immn^&&&z^~?7'7ymx' 

[08] *%^Of{!lcO||igO^T'f) h Y b F e 4 . , C 
o, Sb 12 ^^#{ig^coiaSfi5c^tt^^-r^^a 

[09] *^0BOft6O|liffiO^ T'J> & Y b F e 4 _ , C 

o , s b ! 2 com£K&m^<oi&m{mii£^77 ? 
wxfoh. 
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